Introduction
'Food addiction' (FA) has emerged in recent times as a possible contributor to the increasing prevalence of obesity and being overweight, the changing food environment, and the doubling of mental health conditions between 1995 and 2005 (1, 2) . Currently, there is no accepted definition of FA, as distinct from other disorders of addiction or eating, because of the lack of a strong scientific evidence base (3, 4) . Although controversy and debate exist in the literature about the classification and construct of FA, the most common approach to define FA is to use criterion applied to substance use disorders through a survey tool: The Yale Food Addiction Scale (YFAS). The YFAS assesses seven core symptoms of addiction as applied to food: diminished control over consumption, a persistent desire or repeated unsuccessful attempts to quit, withdrawal, tolerance, consumption of large amounts of food or over a longer period than intended, spending much time obtaining food, giving up important activities and clinically significant impairment (5) . A FA 'diagnosis' is indicated when a threshold of three or more symptoms simultaneously occur, in addition to clinically significant impairment or distress (5, 6) . The YFAS tool was revised (YFAS 2.0) in 2013 to reflect the Diagnostic Statistical Manual of Mental Disorders (DSM)-5 amendments to substance use disorders, whereby substance abuse and substance dependence were combined to reflect a single substance use disorder, a criterion related to craving was added, along with a continuum of severity of disorder ranging from mild (two or three symptoms), moderate (four or five symptoms), to severe (six or more symptoms (7) . The YFAS 2.0 tool assesses 11 symptoms and allows for a more comprehensive scope of understanding food addiction. For the current study, the term 'food addiction' (FA) is used to refer to FA as indicated by all versions of the YFAS because they have been shown previously to have a similar factor structure and report similar prevalence and symptoms (8) . FA has been reported in 20% (range 5-57%) of the population, with higher levels being reported in overweight and obese people, women, as well as in those older than 35 years (9) . Research demonstrates that higher symptom scores on YFAS tools are associated with increased craving and intakes for processed and convenience foods (10) (11) (12) , higher impulsivity (13) (14) (15) , elevated body mass index (BMI) and more frequent binge eating (16, 17) . Higher scores on the YFAS are also associated with genetic profiles implicated in reward dysfunction (18, 19) and neurophysiological correlates similar to substance-related addictive disorders (20) and are less strongly correlated with smoking, drinking and other drug use (21, 22) . FA can occur with a range of symptoms and has been associated not only with both specific foods, but also eating behaviours and can occur occur independently of obesity. FA has been detected in healthy weight and nonclinical populations (9) . FA also overlaps with disordered eating, which also share common mechanisms such as impulsivity and reward dysfunction (23) . Approximately 50% of those with binge eating disorder (BED) also receive a diagnosis of FA, suggesting that FA likely to affects a subgroup of vulnerable individuals (8, 24, 25) . The increasing number of published studies that investigate FA do so in conjunction with other formally recognised mental health conditions, such as depression and related symptoms (20) . Indeed, epidemiological research indicates that a clustering of comorbidities is present in people reporting depression, such that the presence of depression, particularly in young adult males, is associated with twice the risk of obesity, smoking, spending more time in sedentary activities, and behaviours associated with drug and alcohol use relative to nondepressed young adults (26) . For young women with depression, the risk is six-fold of these comorbidities (27) . In addition, scientific reports reliably demonstrate that mental illness increases the use of addictive substances, including alcohol, cocaine and cigarettes, compared to the general population (28) . It is currently unclear the extent to which this occurs for FA.
Assessing mental health alongside FA could provide insights into the overlapping features of mental health conditions with addictive eating. Notably, in the substance use field, negative emotional states such as anxiety and depression play a key role in increased addiction risk (29) . These factors, including psychological stress, are hypothesised to serve as either antecedents of addiction or as contributors to increased relapse risk. Equally, these factors could also play a role in dietary relapse and weight regain in FA, which is a common feature of weight management interventions (30) . Currently, the relationship between mental health and FA has not been systematically reviewed and evaluated. The aim of the present review was to synthesise the available research to address this issue. We aimed to explore the relationship between FA, as measured by the YFAS, and major mental health symptoms. A secondary aim was to investigate the psychometric properties of the YFAS in a variety of population groups.
Materials and methods
A comprehensive search strategy was undertaken to identify published studies that used the YFAS to assess FA diagnosis or symptom scores from the year of tool development (2009) up to March 2017. The review methodology was registered with PROSPERO (ID number CRD42015026714).
Literature search
Initially nine online databases were searched, these included: MEDLINE, The Cochrane Library, EMBASE (Excerpta Medica Database), CINAHL (Cumulative Index to Nursing and Allied Health), Informit Health Collection, Proquest, Web of Science, Scopus and PsycINFO. Keywords were informed by preliminary literature searches; words used individually and in combination were: Yale Food Addiction Scale, YFAS, questionnaire; food addiction, behavioural addiction, eating behaviour, obesity, food, eat, feeding behaviour, food preferences, food habits, body mass index, overeat, hyperphagia, substance-related disorders, binge eating, hedonic eating. Both the English and American spellings of behaviour/ behavior were searched. Database searches were supplemented by cited reference checks and systematic checking of reference lists of identified articles for additional relevant publications. Electronic searches were supplemented by manual cross-checking of the reference lists of relevant publications. All study designs were included.
After the removal of duplicates, titles and abstracts of identified studies were screened by two independent reviewers, with discrepancies decided by consensus using a third reviewer (TB, KP, JS). Inclusion/exclusion criteria were applied to determine the eligibility of each publication for inclusion in the review. Eligibility criteria included: participants from any age (children and adults) any study published in English; any type of interventions/ study and any types of comparators. Eligible studies needed to report the following outcomes measures: use one or more of the YFAS tools (YFAS, modified form of the YFAS or the YFAS 2.0) to assess FA; reported either the YFAS diagnosis or symptom score; a mental health outcome including but not limited to depression, anxiety, disordered eating; the association between a measure of food addiction and a mental health outcome. The articles meeting the inclusion criteria were retrieved. If eligibility status of a study was unclear from the title and abstract, the article was retrieved for further clarification.
Study quality
Retrieved studies were assessed by two independent reviewers (TB, KP, JS) using a standardised tool (31) . The quality criteria assessed nine items, of which four relate to study validity. The items assessed include: the method of sample selection, ways of dealing with confounding factors, reliability of outcome measures, and statistical analysis. Each item was classified as present ('Yes'), absent ('No') or 'Unclear' for each included study, and then each response recoded as +1, 0 and À1, respectively. Studies were classified as 'positive quality' where studies obtained a 'yes' to validity questions and had a score of ≥8. Neutral or negative quality studies were those where most of the nine quality criteria answers were 'no'. No studies were excluded based on quality ratings. Data were extracted using standardised tables developed for the review (Tables 1 and 2 ) and included population characteristics, YFAS and mental health outcomes. Associations in addition to the psychometric properties of the YFAS tool, if reported, were also extracted. In cases of uncertainty of study inclusion, a third independent reviewer was consulted until consensus was reached. Studies were tabulated in alphabetical order.
Data synthesis
Results of the systematic review are presented in both a narrative analysis to describe the included studies and, where possible, a meta-analysis for a more rigorous analysis (75) . If studies reported the YFAS diagnosis or symptom score, or correlation coefficients (or equivalent) between FA and a measure of mental health that assessed the same outcome, the results were pooled using metaanalysis. Given the same factor structure across all the YFAS tools as previously reported, all of the surveys were combined into one meta-analysis. Heterogeneity was assessed by I 2 statistics, and considered to be low if I 2 was ≤40% and high if I 2 was ≥75%. A random effects model for meta-analysis was used if there was significant heterogeneity (I 2 > 40%) and fixed effects when homogeneous (I 2 ≤ 40%). The data from each study were combined using either correlation, event rate or the mean (SD), in addition to the study sample size. A subanalysis by mental health questionnaire type was also undertaken if there were sufficient studies to conduct the sensitivity meta-analyses. For all included studies, a publication bias was assessed through standardised funnel plots. Meta-analyses were conducted using Comprehensive Meta-Analysis Professional, version 2 (Englewood, NJ, USA).
Results

Description of included studies
In total, 1637 articles were initially identified (after duplicates removed) using the search strategy. Following the removal of duplicate references and the assessment of articles using the predefined inclusion criterion, 53 relevant articles concerning 51 studies were identified (Fig. 1) . Primary reasons for exclusion included: not a formal study (i.e. an editorial, n = 86 articles), no relevant outcomes (n = 81 studies) and not in English (n = 1 study). The majority of included studies used a crosssectional (n = 51 studies), case-control (n = 2) or intervention (n = 1) design (Table 1) . The majority of studies were carried out in the USA (n = 21 studies), followed by Germany (n = 7), Italy (n = 6), Spain (n = 4) and France (n = 3). In total, 200 813 individuals were included across the studies, including two large population-based studies in the USA using the Nurses Health Study (n = 134 175 and n = 49 408) (45, 60) . Excluding these two large, population-based surveys, all other studies ranged from 28 to 967 people, with an average of 343 individuals per study.
The majority of studies were carried out in adults (>18 years, n = 47 studies), two studies were carried out in children/adolescents (57, 76) , and two studies included both children and adults (42, 66) . For the studies that were conducted in adults and reported a mean age, this was calculated to be 33.1 years, range (18.7-62.9 years). Ten studies were conducted in exclusively female population groups (34, 42, 43, 45, 46, 49, 60, 64, 77) , with all other studies including both sexes, with an average of 74% females per study (range 55.1-93%). Only one study was identified with a high proportion of males (92%, in a veteran study) (62) . The most common population group studied were those individuals seeking a weight-loss treatment (n = 11 studies) (18, 24, 35, (39) (40) (41) 44, 51, 66, 78, 79) . Other groups included bariatric weight-loss groups (n = 6) (15, 22, 37, 56, 61, 65) , undergraduate/students (n = 7 studies) (5, 35, 68, 71, 74, 80, 81) and disordered eating groups (n = 7) (17, 43, 47, 49, 50, 64, 73) . The studies carried out in disordered eating groups all included bulimia nervosa (BN) and BED, with only two studies including additional eating (57) Cross-sectional n = 65 2016, USA (62) Cross-sectional n = 697 
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disorder subtypes: anorexia nervosa or eating disorder not otherwise specified (EDNOS). Fifty-two studies reported the weight status of the population group, with many doing so objectively through direct measures of height and weight (n = 20 studies). A substantial proportion used self-reported measures only to determine weight status (n = 21 studies), with a further nine studies being unclear in their methods. Weight status was commonly reported as BMI, with 25 studies specifically in population groups where the mean BMI of the population group was classified as overweight/obese category BMI ≥25 (10, 18, 20, 21, 24, 39, 44, 47, 48, 51, 53) . Most studies were conducted in predominantly Caucasian populations. Fifteen studies included a population group other than Caucasian; however, other population groups such as African American or Hispanic were often in the minority and constituted <35% of the total study population (5, 8, 22, 24, 34, 35, 39, 41, 44, 47, 48, 55, 58, 60) .
Risk of bias
The majority of studies (77%; n = 41), were classified as neutral quality, 20% studies scored ≤4 (n = 11) and only one study rated as positive quality with a score of eight (49) (see Supporting information, Table S1 ). Eleven studies used an objective measure to assess mental health outcomes through use of a clinical interview, with others using a self-reported measure (17, 40, 41, 45, 49, 56, 61, 73) for both mental health and FA. The exclusion criteria was adequately reported in the majority of studies, only one study reported specific exclusion of antidepressant medications that may be implicated in weight gain (47) , two studies excluded those with major depression (44, 53) , two studies excluded those with diagnosed axis I disorders (20, 82) and one study excluded those with extreme alcohol use disorder (65) . A Funnel plot was generated for all the included studies, and this demonstrated that there was no publication bias in the included studies.
Food addiction outcomes
Forty-four of the 51 studies utilised the standard version of the YFAS, of which six had been converted to and validated in the following non-English languages: Italian (n = 6) (20, 40, (51) (52) (53) (54) , French (n = 3) (36) (37) (38) , German (n = 3) (15, 64, 67) , Spanish (n = 4) (17, 49, 50, 73) , Arabic (n = 1) (76, 82) , Chinese (n = 1) (42) and Turkish (n = 1) (71) . Three studies used the shorter version of the YFAS, referred to as the modified YFAS (mYFAS), which comprises nine questions rather than the standard 25 items (45, 60, 72) ; these studies were larger populationbased surveys. One study by Flint et al. (45) used both versions of the YFAS and found the prevalence of FA to be lower (9%) when using the shortened tool (mYFAS) compared to the full-length version (11.4%). Two studies used the YFAS-Children version and five studies used the revised YFAS 2.0 tool (8, 15, 38, 43, 67) , which has also been converted to both French (38) and German (15, 67) . Thirty-seven studies reported both diagnosis and symptom scores from the YFAS, whereas six reported diagnosis only and six symptom score only (Table 2 ). For diagnosis, meta-analysis (n = 36 studies) showed the average prevalence of FA was 16.2% (lower and upper limit 13.6-19.3%) (Fig. 2a) . Three studies reported the prevalence by sex, with women and girls having a higher prevalence than men (mean = 15.4%, range: 10.2-22.8% versus mean = 10.3%, range 4-24%; P < 0.05). Four studies reported the prevalence of FA in disordered eating populations groups, although these were not eligible for meta-analysis because of insufficient studies that were not directly comparable (different disordered eating types, subtypes of eating disorders and differences in the reporting of prevalence of FA (i.e. only those endorsing food addiction were recruited; therefore, the prevalence was 100%). For BN, FA diagnosis rates ranged from 5.3% to 89.1% (48, 49, 73) , with a 30% FA rate reported in those with remitted BN (64) . The rate of FA diagnosis ranged from 5.92% to 87.2% for BED (48, 73) , 6.3-55.9% for anorexia nervosa and 4.1% for EDNOS (49, 73) . For those studies that used the revised YFAS 2.0 (n = 5), an additional classification of 'mild' FA occurred in 1.3-3.3%, moderate in 1.5-2.1% and severe in 3-21%.
From a meta-analysis (n = 26 studies) reporting on FA symptoms, the mean number of reported symptoms was 3.3 (2.85-3.92). There were sufficient similar studies reporting FA symptoms for a subanalysis of population groups within these studies. The mean number of FA symptoms in those seeking treatment for weight loss (n = 9 studies) was 3.01 (upper and lower limit 2.65-3.37) and 5.2 (3.6-6.7) for those with disordered eating (n = 7 studies). Twenty studies reported the most common symptoms endorsed, with 13 studies reporting the symptom of repeated unsuccessful attempts to cut down and eight reporting persistent desire as the most common with consumption despite significant consequences reported in six studies (44, 45) and, in addition, one study in children reporting the symptom of giving up social activities (57) . Relationships between FA, smoking and other substance use were reported in several studies. There were mixed results observed for FA diagnosis with smoking, with no significant correlation reported with FA in one study (21) and an inverse association reported in another (45) . Three studies reported no significant correlation between FA diagnosis and alcohol or drug use (22, 24, 47) . The psychometric properties of the YFAS were reported in 33 studies, primarily as a Cronbach alpha (a). A meta-analysis of these studies indicated a mean a of 0.86, with lower and upper limits of 0.84 and 0.88. Those specifically using YFAS 2.0 tool (n = 5 studies) reported a mean a of 0.93 (0.86-0.97). One study by Granero et al. (49) calculated the psychometric properties within population subgroups; those with a diagnosed eating disorder reported a lower a than that of the whole sample (0.71 and 0.95, respectively). One study used both the standard and mYFAS within the same study, and it was considered that the mYFAS had similar psychometric properties to the standard version, both with a = 0.75 (45) .
Mental health outcomes
The most common mental health conditions reported alongside FA, in descending order, were: disordered eating (n = 28 studies); depression (n = 21 studies); anxiety (n = 7 studies); and post-traumatic stress disorder (n = 2 studies). Binge eating was the most common eating disorder within the disordered eating studies, primarily assessed through either the Binge Eating Scale (BES, n = 13 studies) or the Eating Disorder Examination Survey (EDES, n = 13 studies). For the BES, participants reported scores ranging from 3.8 to 21.05 and, for the EDES, scores ranged from 1.72 to 3.99. Depression was primarily assessed through use of either the Centre of Epidemiological Depression scale (n = 5 studies, scores ranged from 0.67 to 1.72) or the Beck Depression inventory (n = 8 studies, scores ranged from 8.1 to 15.03).
Associations between food addiction, disordered eating and depression
Meta-analysis was possible because of the number of studies reporting similar outcome measures and associations between YFAS (FA) and (i) binge eating (n = 18 studies), depression (n = 18 studies) and anxiety (n = 5 studies). The weighted mean correlation (weighted for sample size) between binge eating (assessed by the BES and EDEQ) and FA was 0.602 (0.557-0.643) (P < 0.05, I 2 : 76.37) (Fig. 2b) . For depression and FA, the weighted mean correlation was 0.459 (0.358-0.550) (P < 0.05, I
2 : 93.74) (Fig. 2c) . For anxiety, the mean correlation with FA was 0.483 (0.228-0.676) (I 2 : 96.27, P < 0.001). Sensitivity analyses showed no significant difference between the two depression measures used in the included studies: the CESD [r = 0.488 (0.298-0.640) (P < 0.05, n = 3 studies)] or the BDI [0.401 (0.279-0.510) (P < 0.05, n = 5 studies)]. A sensitivity analysis was not able to be completed for the different measures of binge eating or anxiety because too few studies for meaningful comparison.
Associations with other mental health outcomes
Although the included studies assessed a range of mental health outcomes, there was very little consistency between them with respect to the types of measures used, precluding meta-analysis of other mental health outcomes. For example, emotional eating was assessed through a wide range of survey types such as the Dutch Eating Behavior Questionnaire (DEBQ), which correlated with FA at 0.58 (P < 0.05). Correlations between PTSD and FA were statistically significant in one study at r = 0.438 (62) . In another study, an age-adjusted analysis in women revealed that PTSD was positively correlated with FA in a dose-response manner (prevalence ratio 0.96) (95% confidence interval = 0.87-1.07) (60) .
Discussion
This review aimed to determine the relationship between FA as assessed by the YFAS and mental health conditions. In total, 53 studies met the inclusion criteria, with depression and binge eating being the most commonly reported outcome measured in association with 'food addiction'. The resulting analysis from this review of studies that comprised mostly cross-sectional studies suggests that positive, The results from the review provide evidence that positive, moderate associations exist between FA and mental health conditions, demonstrating the overlap between criteria for a range of mental health conditions (e.g. depression) and the developing construct of FA. It is possible that this overlap exists because FA is not a separate construct from depression, anxiety or disordered eating. However, it is more likely that, given the correlations with FA were only 'moderate' for these disorders (0.401-0.602), there is more to FA than that accounted for by symptoms of depression, disordered eating and anxiety. No relationship was found between FA and alcohol/other drug use, potentially indicating that FA is not better accounted for by an addiction to these substances. No studies reported on the individual survey items for mental health outcomes, which would have assisted in determining the potential areas of overlap between mental health and FA symptoms, and this should be considered in future research. Assessment of the psychometric properties of the YFAS revealed the tool is robust across adult populations and language translations. The properties of the tools were similar from the YFAS, mYFAS and revised YFAS2.0, which now includes 11 symptoms compared to seven in the original version (8) .
The mean prevalence of FA across the included studies was 16.1%, with the weighted mean number of symptoms being approximately three (3.3). The number of FA symptoms was slightly higher in binge eating populations (4.6). This prevalence is slightly lower than previously reported from a review in 2014 (16.1% versus 19%) , potentially attributed to our review incorporating a broader population group from a wider range of international locations, wider variation in dietary intakes and behaviours, and variation in the use of YFAS tools. Previous research that directly compared the original YFAS survey measures with the revised YFAS 2.0 demonstrates that prevalence and symptom scores are both similar to each other (8) . The results of this review provide support for reporting not only the FA diagnosis rates, but also the total number of symptoms endorsed by study samples in the future. Given the high number of individuals internationally classified as overweight, and the observation that obesity has substantially increased to 60% of the adult population (83) , it is arguable that a substantial proportion across the samples in this review would have attempted weight loss. Doing so fulfills at least one of the symptoms of FA as measured by the YFAS; 'a persistent desire and unsuccessful attempts for weight loss'. This aforementioned symptom was also found to have weak agreement over time in a previous study that investigated the stability of FA over 18 months, which may infer that this symptom may fluctuate over time (84) . This makes the assessment of FA as a separate issue from obesity, more complex.
Accordingly, future FA research should consider other aspects of the condition that are not well described in either the YFAS or proposed DSM criteria to better understand how FA fits into mental health and addictive disorders. For example, cognitive inflexibility is well demonstrated in animal studies of addiction (85) , and may result in impairments in decision making often seen in FA. In addition, rigid habitual-like behaviours and perseverative negative thoughts, which are pathologies of severe mental health conditions (e.g. obsessive-compulsive disorder, schizophrenia, and depression), are also worthy of consideration in developing further the construct of FA (86) . Given the subjective, self-report nature of both the mental health symptoms and YFAS in this review, the results should be interpreted accordingly. Only five studies included a clinical interview for mental health disorder, which is the gold standard in the mental health field. To advance the FA construct, clinician rated scales, and more objective measures of both mental health and FA symptoms, should be used or developed. This is of particular interest in this field given the controversies that exist with relation to FA (4) . The strengths of this systematic review include the robust methodological quality, completed in accordance with the PRISMA statement, and the number of studies included in the review. A limitation is that only studies published in English were included. There was a high level of statistical heterogeneity among the included studies, which indicates that the results should be interpreted with caution. We addressed statistical heterogeneity by reporting random effects meta-analysis and subgroup analyses. The potential sources of heterogeneity included variations in the assessment of mental health outcomes, the participant populations including those seeking weight loss/bariatric surgery were over-represented and few in the free-living community groups, sex, age, ethnicity, and the differing study protocols. The review was also limited by the less than optimal methodological quality of some of the included studies. Predominantly, studies with the majority of the population group being results for women require replication in more representative samples of the general population. A common side effect of antidepressants and many antipsychotics is fluctuations in weight status, with some producing weight gain and some associated with mild weight loss; thus, more work needs to be conducted to determine where FA may fit into this clinical picture (87, 88) . Medication use was not well reported or assessed in the included studies and thus this limits the interpretation of the review findings.
Despite all study types being included in this review, all studies that met the inclusion criteria were cross-sectional in design, restricting causal inferences from being drawn for FA and mental health symptoms. There was also an over-representation of women; hence, more work needs to be conducted to firmly establish whether an independent 'food addiction' construct exists in broader population groups, particularly males.
This review synthesises the current evidence base of food addiction and mental health symptoms. The results highlight that the research area of food addiction is still in its infancy. Similar to other comorbidities, such as depression and addiction, which often co-occur together, FA could also be a potential contributor to mental health disorders, and is worthy of future research. The results of the review provide insight indicating that recruitment to FA studies without the co-morbidities of depression or binge eating may be difficult. Future studies will need to screen for these conditions, and adjust for these confounders in their statistical analysis. Importantly, a failure to do so may have been contributing to the controversies reported in the existing literature about the concept of FA as a distinct disorder from the other comorbidities with which it may present, as well as the challenges reported in treating eating disorders and obesity in the broader research and clinical literature.
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